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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

In re Patent Application of 

MATULA Atty. Ref.: 30-556 

Serial No. Unknown Group: 

National Phase of: PCT/FIOO/00709 
International Filing Date: 22 August 2000 



Filed: Herewith Examiner: 

For: METHOD OF CONTROLLING THE OPERATION OF AN 
APPROACH SYSTEM OF A PAPER MACHINE OR THE 
LIKE WEB FORMATION APPARATUS 



February 15, 2002 

Assistant Commissioner for Patents 
Washington, DC 20231 

Sir: 

PRELIMINARY AMENDMENT 

Prior to calculation of the filing fee and in order to place, the above-identified 
application in better condition for examination, please amend as follows: 

IN THE SPECIFICATION 

Page 1 , after the title insert the following: 

-This application is the U.S. national phase of international application 
PCT/FIOO/00709 filed August 22, 2000, which designated the U.S.-. 

IN THE CLAIMS 

Please substitute the following amended claims 1 through 14 for corresponding 
claims previously presented. A copy of the amended claims showing current revisions 
is attached. 
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1. (Amended) Method of controlling the operation of an approach system of 
a paper machine, a paper board machine or other web formation apparatus, in which 
said method comprises the steps of: 

a. forming a pulp from white water, fiber suspension and fillers, 

b. feeding said pulp by a mixing pump into a gas separation tank, 

c. separating gas from said pulp, 

d. feeding reduced gas pulp into a head box of the production 
machine, 

e. changing the feed of the reduced gas pulp to the head box as 
production changes in the web formation apparatus and the change in the 
production of the web formation apparatus initiates a regulation system of the 
approach system, which regulation system essentially simultaneously checks a 
need for changing an operational mode of the mixing pump, initiates a change of 
the operational mode of the mixing pump according to said need and both guides 
and regulates a head box feed pump. 

2. (Amended) Method according to claim 1 wherein the regulation system of 
the approach system controls both a pressure of the head box and a surface level of the 
gas separation tank. 

3. (Amended) Method according to claim 1 wherein an operating point of the 
feed pump and an operating point of the mixing pump are changed essentially 
simultaneously. 

4. (Amended) Method according to claim 1 wherein an operating point of the 
mixing pump is changed in anticipation of changing an operating point of the feed pump 
so that a surface level in the gas separation tank located between said pumps remains 
essentially constant or changes in a controlled manner. 

5. (Amended) Method according to claim 1 wherein a change of head box 
pressure is readable from the change of an operating point of the head box feed pump, 
whereby said change of the operating point of the feed pump initiates a control function 
of the regulation system. 
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6. (Amended) Method according to claim 2 wherein a surface level of the 
gas separation tank is controlled by arranging a change of the head box pressure to 
initiate a control function of the regulation system. 

7. (Amended) Method according to claim 6 wherein the regulation system 
guides simultaneously the feed pump and the mixing pump so that a pressure in the 
head box remains constant and a surface level in the gas separation tank remains 
constant or changes in a controlled manner. 

8. (Amended) Method according to claim 6 wherein the regulation system 
controls the mixing pump anticipatorily in relation to the feed pump so that the head box 
pressure and the surface level in the gas separation tank remain constant. 

O 9. (Amended) Method according to claim 1 wherein the regulation system 

J changes at least an output of the head box feed pump to keep a pressure in the head 
box constant, and a surface level variation in the gas separation tank is monitored 

-111 

simultaneously and measurements are taken to correct the surface level of pulp in the 

u> 

_ gas separation tank. 

O 

jj^ 10. (Amended) Method according to claim 1 wherein a surface level is 

Ifl allowed to change slowly in the gas separation tank temporarily without changing the 
feed of the gas separation tank. 

1 1 . (Amended) Method according to claim 1 wherein when a pressure of the 
head box changes slowly, the change of the pressure Is compensated for only by 
changing a capacity of the head box feed pump, whereby a surface level of the gas 
separation tank is allowed to change. 

12. (Amended) Method according to claim 1 wherein when a pressure of the 
head box changes fast, the change of the pressure is compensated for by changing 
essentially simultaneously a capacity of the head box feed pump and a capacity of the 
mixing pump. 
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13. (Amended) Method according to claim 1 wherein in a grade change 
situation, a capacity of the mixing pump and a capacity of the feed pump are changed in 
a stepwise manner. 

14. (Amended) iVIethod according to claim 2 wherein said surface level 
regulation is controlled by means of fuzzy logic. 

REMARKS 

Consideration of this application with the amended claims is respectfully 
requested. 

Attached hereto is a marked-up version of the changes made to the claims by the 
current amendment. The attached page is captioned " Version with markings to show 
changes made ." 

Any shortage in the fees should be charged to the account of Nixon & Vanderhye 
P.C., Account 14-1140 (30-556). 



JHN:maw 

1100 North Glebe Road, 8th Floor 
Arlington, VA 22201-4714 
Telephone: (703) 816-4000 
Facsimile: (703)816-4100 



Respectfully submitted, 
NIXON & VANDERHYE P.C. 




0 Jeffry H. Nelson 
Reg. No. 30,481 
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VERSION WITH MARKINGS TO SHOW CHANGES MADE 

Amend claims 1 to 14 as follows: 

1. (Amended) Method of controlling the operation of [the] an approach 
system of a paper machine, a paper board machine or [the like] other web formation 
apparatus, in which said method comprises the steps of: 

a. forming a pulp [stock is formed] from white water, fiber suspension 
and fillers, 

b. feeding said pulp [is fed] by [means of] a mixing pump into a gas 
separation tank, 

c. separating gas [is separated] from said pulp^ [and the essentially 
gas-free] 

d. feeding reduced gas pulp [is fed] into [the] a head box of the 
production machine, 

e. changing F wherebvl the feed of the reduced gas pulp to the head 
box [feed pump is changed] as [the] production changes in [of] the web formation 
apparatus [changes, characterized in that] and the change in the production of 
the web formation apparatus [is arranged to] initiates [the] a regulation system of 
the approach system, which regulation system essentially simultaneously checks 
[the] a need for changing [the] an operational mode of the mixing pump, initiates 
[the] a change of the operational mode of the mixing pump according to said 
need and both guides and regulates [the] a head box feed pump. 

2. (Amended) Method according to claim 1[, characterized in that] wherein 
the regulation system of the approach system [is utilized to] controls both a pressure of 
the head box [pressure] and [the] a surface level of the gas separation tank. 

3. (Amended) Method according to claim 1[, characterized in that the] 
wherein an operating point of the feed pump and an operating point of the mixing pump 
are changed essentially simultaneously. 
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4. (Amended) Method according to clainn 1[, characterized in that the] 
wherein an operating point of the mixing pump is changed [anticipatorily in relation to 
the] in anticipation of changing [of the] an operating point of the feed pump so that [the] 
a surface level in the gas separation tank located between said pumps remains 
essentially constant or changes in a controlled manner. 

5. (Amended) Method according to claim 1[, characterized in that the] 
wherein a change of [the] head box pressure is readable from the change of [the] an 
operating point of the head box feed pump, whereby said change of the operating point 
of the feed pump initiates [the] a control function of the regulation system. 

6. (Amended) Method according to claim 2[, characterized in that the] 
wherein a surface level of the gas separation tank is controlled by arranging [the] a 
change of the head box pressure to initiate [the] a control function of the regulation 
system. 

7. (Amended) Method according to claim 6[, characterized in that] wherein 
the regulation system guides simultaneously [both] the feed pump and the mixing pump 
so that [the] a pressure in the head box remains constant and [the] a surface level in the 
gas separation tank remains constant or changes in a controlled manner. 

8. (Amended) Method according to claim 6[, characterized in that] wherein 

the regulation system controls the mixing pump anticipatorily in relation to the feed 
pump so that the head box pressure and the surface level in the gas separation tank 
remain constant. 

9. (Amended) Method according to claim 1[, characterized in that by means 
of] wherein the regulation system changes at least [the] an output of the head box feed 
pump [is changed in order] to keep [the] a pressure in the head box [of the production 

machine] constant, and a [the] surface level variation in the gas separation tank is 
monitored simultaneously and [measures] measurements are taken [if needed] to 
correct the surface level of pulp in the gas separation tank. 
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10. (Amended) Method according to claim 1 [or 2, characterized in that said] 
wherein a surface level is allowed to change slowly in the gas separation tank 
temporarily without changing the feed of the gas separation tank. 

11. (Amended) Method according to claim 1[, characterized in that when the] 
wherein when a pressure of the head box changes slowly^ the change of the pressure is 
compensated for only by changing [the] a capacity of the head box feed pump, whereby 
[the] a surface level of the gas separation tank is allowed to change [accordingly]. 

12. (Amended) Method according to claim 1 [, characterized in that] wherein 
when [the] a pressure of the head box changes fast, the change of the pressure is 
compensated for by changing essentially simultaneously [both the] a capacity of the 
head box feed pump and [the] a capacity of the mixing pump. 

1 3. (Amended) Method according to claim 1 [, characterized in that in] 
wherein in a grade change situation^ [the] a capacity of [both] the mixing pump and a 
capacity of the feed pump [is] are changed ina stepwise manner . 

14. (Amended) Method according to claim 2 [, characterized in that] wherein 
said surface level regulation is controlled by means of fuzzy logic. 
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Method of controlling the operation of an approach system of a paper machine 
or the like web formation apparatus 

The present invention relates to a method of controiling the operation of an ap- 
proach system of a paper machine or the like web formation apparatus. Espe- 
cially preferably the method of controlling the operation of an approach system 
according to the invention is applicable to be used in connection with paper and 
paperboard machines as well as in connection with various apparatuses per- 
forming non-woven webformatlng. 

Almost all prior art paper machine approach systems, which are well described 
in, e.g. US patent publication 4,219,340, comprise the following components: a 
mixing tank, a feed/mixing pump, a centrifugal cleaning plant, a gas separation 
tank, a head box feed pump, a head box screen, a paper machine head box 
and white water trays. Said components are placed in connection with the pa- 
per machine and arranged to operate as follows: The fiber material used for 
paper making and fillers which are diluted with so-called white water obtained 
from the paper machine, mostly from the wire part thereof, are dosed into the 
mixing tank often referred to as wire pit and located at the bottom level of the 
mill. By means of the feed/mixing pump also located at the bottom level of the 
mill, the fiber suspension is pumped from the mixing tank to the centrifugal 
cleaning plant located usually at the machine level of the mill, i.e. the location 
level of the paper machine, or, as in said patent, above it. By means of pres- 
sure created by said mixing pump, the fiber suspension accepted by the cen- 
trifugal cleaning plant is further conveyed to the gas separation tank located at 
a level above the machine level. From the gas separation tank the fiber sus- 
pension, wherefrom gas has been removed as thoroughly as possible, flows to 
the head box feed pump located at the bottom level of the mill, which pump 
pumps the fiber suspension to the head box screen (not shown in said US pat- 
ent) also located at the bottom level of the mill, wherefrom the fiber suspension 
flows to the machine level into the head box of the paper machine. 
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In order to operate, the gas separation tank described both in said US patent 
4,219,340 and in form of a somewhat newer modification in US patent publica- 
tion 5,308,384 requires a vacuum system most often comprising a vacuum 

5 pump, most commonly a so-called liquid ring pump, located at the same level 
as the gas separation tank, and a drop separator for removing liquid drops pos- 
sibly present in the gas withdrawn by the vacuum pump. The actual gas sepa- 
ration tank is traditionally a large essentially horizontal tank into which the fiber 
suspension coming from the centrifugal cleaning plant is sprayed via separate 

10 injection pipes. The purpose of the spraying is to give the gas in bubble form a 
possibility to leave the fiber suspension as early as this stage. In most cases, 
the gas separation tank is further provided with an intemiediate wall, a so-called 
overflow weir meant for stabilizing the surface level of the fiber suspension in 
the tank, although there are gas separation tanks with no overflow. The objec- 

15 five of keeping the surface level constant is to ensure a constant inlet pressure 
for the head box feed pump, at the same time ensuring a constant flow of paper 
pulp to the head box. In other words, the amount of fiber suspension fed to the 
gas separation tank via the centrifugal cleaning plant is always somewhat 
greater than required by the head box. The excess fiber suspension is led via 

20 the overflow weir usually to the other end of the gas separation tank, wherefrom 
a return pipe leads to the mixing tank. Fiber suspension to be pumped to the 
head box is obtained via a discharge outlet arranged at the bottom of the head 
box and led to the head box feed pump. Various gas separation tank solutions 
are disclosed in e.g. US patents 5.236,475, 4,478,615, 4,455,224, 3,538,680, 

25 2,717,536, 2,685,937 and 2,642,950, the three last mentioned of which deal 
with a gas separation tank without overflow. 

US patent publication 2,717,536 discusses a gas separation apparatus wherein 
the fiber suspension flow coming from the centrifugal cleaning plant is led to a 
30 gas separation tank having no overflow weir but wherein the surface level is 
kept constant by means of a surface level transducer and a feed pump flow 
regulation valve controlled by said transducer. Further said publication presents 
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the location of the gas separation tank at the nnachine level, i.e. the same fevel 
as the paper machine head box. 

US patent publication 2,685,937 also discloses a gas separation tank with no 
5 overflow. In the solution of said patent, there is a float arranged in the gas 
separation tank, which float follows the changes of the surface level of the fiber 
suspension. The movements of the float have a direct effect on the fiber sus- 
pension flow being fed into the tank, as they regulate the amount of fiber sus- 
pension being fed to the tank via the injection pipes. 

10 

Said prior art apparatuses have some disadvantages of which e.g. the following 
problems are worth mentioning. 

Firstly, the surface level of the gas separation tank controlled by either an over- 
is flow or various float solutions or other devices directly following the surface 
level does naturally remain constant, but that does not lead to what the actual 
purpose of the surface level regulation is, i.e. a constant inlet pressure of the 
head box feed pump. A reason for this is that the density of the fiber suspen- 
sion being pumped together with the surface level determine the inlet pressure. 
20 Said density, in turn, is effected by e.g. the filler content and gas content of the 
fiber suspension. Despite the fact that the filler content of the fiber suspension 
should be as constant as possible, there are some fluctuations in that. The 
fluctuations in the density are mostly caused by the gas content of the fiber 
suspension, which gas content may, in the worst case, vary to the extent of 
25 several per cents. Such great changes in the density of the fiber suspension 
lead to fluctuations in the pulp amount pumped by the head box feed pump, 
which again is reflected in fluctuations in the thickness of the final product. 

In addition to that, prior art apparatuses are not capable of quickly responding 
30 to problems caused by e.g. a change in the speed of the machine. According to 
prior art, attempts were made to solve these problems in a way presented in the 
block diagram of Fig. 2, which describes a situation where the speed of the pa- 
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per machine is either increased (the right side of the Figure) or decreased (the 
left side of the Figure), i.e. the production of the web fonnation apparatus is 
changed, in a prior art system, the head box slice flow is naturally changed 
first, as the production of the machine is controlled by means of it, whether cal- 
5 culated in terms of basis weight of the product or in tons produced by the ma- 
chine. The starting point is to l<eep both the head box pressure and the product 
grammage constant despite changes in the speed of the machine. By means of 
prior art regulation system this is done so that as the speed of the paper ma- 
chine increases the slice opening is widened in such a way that a constant pulp 
10 amount in proportion to the speed of the wire is continuously flowing from the 
J slice opening (assuming that the head box pressure is constant). When the 
2 regulation system senses the widening of the head box slice opening in form of 
T pressure decrease in the head box, the pressure will be increased by increas- 
£ ing the output of the head box feed pump. This in turn results in the lowering of 

15 the surface level in the gas separation tank, whereby the regulation system 
makes the mixing pump feed more pulp into the gas separation tank and the 
'"j surface level of the tank returns to normal. A regulation arrangement of this 
type causes various pressure fluctuations in the approach system. Firstly, in or- 
der to keep the head box pressure constant as the surface level in the gas 
20 separation tank as well as the inlet pressure of the head box feed pump de- 
crease, the capacity of the mixing pump is increased. When the regulation has 
reached the mixing pump, the mixing pump increases the feed of the gas sepa- 
ration tank, whereby the surface level thereof starts to rise. This causes the 
head box pressure to increase, which in turn leads to decreasing the capacity of 
25 the head box feed pump in order to stabilize the pressure. As the surface level 
in the gas separation tank has reached its set value, the regulation system 
guides the mixing pump to decrease the flow, which generates a new pressure 
effect in the head box. This time the head box pressure leaps downwards, be- 
cause the head box feed pump has decreased its capacity to correspond to the 
30 rising surface of the gas separation tank. As the surface level no more rises, 
the inlet pressure of the head box feed pump does not rise either. The regula- 
tion system handles with this situation by increasing the capacity of the head 
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box feed pump rn order to increase the head box pressure to its set value. In 
practice said development brings forth the danger that the whole production 
produced during said regulation will turn to broke, as fluctuations in the head 
box pressure are directly reflected in basis weight fluctuations of the production. 
5 In a corresponding way, the consequent effects of decreasing the speed of the 
paper machine are seen in the left part of Fig. 2. 

The basic reason for the problems is that various regulation operations are 
performed in delay, which means that obvious changes have already taken 
10 place either in the head box pressure, the surface level in the gas separation 
tank or both. In such a case compensating for these calls for changes in the 
opposite direction, the compensation of which in prior art is further performed in 
delay, which naturally leads to a situation where reaching the balanced stage 
takes an unreasonably long time. 

15 

Characterizing features of the method of controlling the approach system of a 
paper machine or the like according to the invention, which solve e.g. said 
problems, are disclosed in the appended claims. 

20 In the following, the method of controlling the operation of the approach system 
of a paper machine or the like according to the invention are explained in more 
detail with reference to the appended figures, of which 
Fig. 1 mainly illustrates a prior art solution disclosed in US patent 4,219,340, 
Fig. 2 is a block diagram of a prior art system for regulating the head box pres- 

25 sure, 

Fig. 3 illustrates in form of a block diagram a regulation system for a paper ma- 
chine approach system according to a preferred embodiment of the invention, 
and 

Fig. 4 illustrates an apparatus arrangement being applied in the embodiment of 
30 fig. 3. 
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The prior art paper machine approach system illustrated in figure 1 comprises a 
mixing tanl^Awire pit 10, a feeding/mixing pump 12, a centrifugal cleaning plant 
14, a gas separation tank 16, a head box feed pump 18, a head box screen 20, 
a paper machine head box 22 and white water trays (not shown). Said compo- 
nents are placed in connection with the paper machine 24 and arranged to op- 
erate as follows. The fiber material used in papermaking, which may comprise 
fresh stock, secondary pulp or broke, and so-called fillers, which are diluted 
with so-called white water obtained from the paper machine, mostly from its 
wire section, are dosed into the mixing tank 1 0, which tank may also be a wire 
pit wherein the white waters are collected and which is located at the bottom 
level of the mill, to produce paper pulp. By means of a mixing pump 12 also lo- 
cated at the bottom level of the mill said paper pulp is pumped from the mixing 
tank 10 to a centrifugal cleaning plant 14 usually located at the machine level K 
of the mill, i.e. at the location level of the paper machine 24. The paper pulp ac- 
cepted by the centrifugal cleaning plant is further conveyed by means of pres- 
sure created by mixing pump 12 into the gas separation tank 16 located at a 
level T above the machine level. From the gas separation tank 16 the essen- 
tially gas-free paper pulp, wherefrom gas has been removed as thoroughly as 
possible, flows to the head box feed pump 18 located at the bottom level of the 
mill, which head box feed pump pumps the paper pulp to the headbox screen 
20 also located at the bottom level, wherefrom the accepted paper pulp flows to 
the machine level K Into the head box 22 of the paper machine 24. 

The operation of the gas separation tank 16 requires a vacuum system 17, 
most commonly comprising a vacuum pump, in most cases a so-called liquid 
ring pump located at the same level as the gas separation tank 16, and a drop 
separator, by means of which drops of liquid possibly present in the gas with- 
drawn by the vacuum pump and flowing towards the vacuum pump are re- 
moved from the gas. The actual gas separation tank 16 is traditionally a large- 
sized essentially horizontal tank, in to the inner side of which the paper pulp 
coming from the centrifugal cleaning plant 14 is Injected via separate injection 
pipes. The purpose of the injection is to allow the gas in bubble form a possibil- 
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ity to leave the paper pulp at this stage already. The gas separation tank 16 is 
further provided with an intermediate wall, a so-called overflow weir, the objec- 
tive of which is to keep the surface level P of the paper pulp constant in tank 
16. This is done in order to ensure a constant inlet pressure for the head box 
5 feed pump 18. In other words, the amount of pulp fed from the mixing tank 10 
via the centrifugal cleaning plant 14 to the gas separation tank 16 is always to 
some extent greater than required by the head box 22. The excess paper pulp 
is led via the overflow weir usually to the other end of the gas separation tank 
16, wherefrom a return pipe 34 leads to the mixing tank 10. The paper pulp to 
10 be pumped to the head box 22 is obtained via a discharge outlet arranged at 
the bottom of the gas separation tank 16 and a discharge pipe 36 connected 
therewith, and lead to the head box feed pump 18. 

The block diagram of figure 2 illustrates a prior art system for keeping the head 

15 box pressure constant. The block diagram of figure 2 discloses a situation 
where the speed of the paper machine is decreased (left side of the figure) or 
increased (right side of the figure). The procedure is exactly the same in any 
other grade change situation, too. Firstly, when increasing the speed of the pa- 
per machine, i.e. increasing the production, it is possible to change the slice 

20 flow of the head box 22 either by opening the slice of the head box 22 or by in- 
creasing the head box pressure to correspond to the increase of the speed of 
the paper machine. In most cases increasing the head box pressure compen- 
sates for the increase in the speed of the machine. A regulation system of prior 
art thus requires that the speed of the machine corresponds to a certain head 

25 box pressure value, whereby the increased speed of the machine would require 
higher pressure in the head box compared to eariier value. As a matter of fact, 
the situation would be just the same, if the head box pressure would start to 
decrease in a constant running situation. In that case the regulation system 
naturally guides the feed pump 18 of the head box 22 to increase the head box 

30 22 feed. This in turn results in lowering of the surface level in the gas separa- 
tion tank 16, whereby the regulation system makes the mixing pump 12 feeding 
paper pulp to the gas separation tank 16 feed more pulp into the gas separation 
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tank 16 and the surface level of the tank 16 returns to its previous height. This 
kind of regulation arrangement generates many kinds of pressure fluctuations 
in the approach system. Firstly, in order to keep the pressure in the head box 
22 constant when the surface level in the gas separation tank 16 descends and 

5 the inlet pressure of the feed pump 18 of the head box 22 decreases at the 
same time, the capacity of the feed pump 18 is increased. When the control 
function of the regulation system has reached the mixing pump 12. the mixing 
pump 12 increases the feed to the gas separation tank 16, whereby the surface 
level in the tank 16 starts to rise. As a result, the pressure in the head box 22 

10 increases, which in turn leads to decreasing the capacity of the feed pump 18 
of the head box 22 in order to stabilize the pressure. And, when the surface 
level in the gas separation tank 16 has reached its set value, the regulation 
system guides the mixing pump 12 to decrease the flow, which generates the 
following pressure effect on the head box 22. This time the pressure in the 

15 head box 22 leaps downwards, as the feed pump18 of the head box 22 has re- 
duced its capacity to correspond to the rising surface of the gas separation tank 
16. The regulation system handles the situation by increasing the capacity of 
the feed pump 18 of the head box 22 to Increase the pressure of the head box 
22 to its set value. In practice said development results in driving the whole 

20 production obtained during said regulation to broke, as pressure fluctuations of 
the head box are directly reflected in fluctuations of the grammage of the pro- 
duction. 

The block diagram of Fig. 3 illustrates a way to handle the head box pressure 
25 regulation and the gas separation tank surface level regulation according to a 
prefen-ed embodiment of the invention in such a way that disadvantageous 
pressure fluctuations are avoided. The starting point in the example of Fig. 3, 
just as in the example of Fig. 2, is a situation where the pressure in the head 
box changes (in this example the pressure decreases) or it is assumed to 
30 change due to either change of grade, change in the speed of the paper ma- 
chine or to some other reason. The regulation system according to the inven- 
tion may receive a signal on pressure decrease from several various sources. 
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One possibility is to utilize information from the pressure transducer of tlie head 
box. Another possibility is to monitor the operating point of the head box feed 
pump. As the pressure in the head box changes, the operating point of the 
head box feed pump changes, too. To put it differently, although the input 
power of the pump or the torque does remain constant, the output of the pump 
changes as the rotational speed changes. Or, if the rotational speed is kept 
constant, the change in the head box pressure changes the power requirement 
of the pump. 

A decrease in the head box pressure, e.g., directly results in a decrease in the 
back pressure of the pump, which leads either to an increase in the output of 
the pump at constant capacity or to a decrease in the input power of the pump 
at constant rotational speed. Thus a pressure change in the head box reflects 
in a change in the head box feed pump flow. In other words, at a certain capac- 
ity of the pump each output value of the pump corresponds to a certain slice 
opening of the head box and a certain head box pressure. When the output of 
the pump changes at said capacity, it indicates that a change has taken place 
in the head box pressure and/or the slice opening. In that case, as the pres- 
sure in the head box decreases, the regulation system increases the capacity of 
the mixing pump. That is, the mixing pump attempts to keep the gas separation 
tank surface level constant and the head box feed pump attempts to keep the 
head box pressure constant. As the effect of the mixing pump reflects on the 
surface level of the gas separation tank relatively slowly and because the sur- 
face level of the gas separation tank in turn reflects on the input pressure of the 
head box feed pump relatively slowly, delays are necessary between various 
regulation operations. These delays and set values of various regulation opera- 
tions are adjusted in the control and regulation system so that the surface level 
of the gas separatiorv tank and the pressure in the head box remain stable. 

In practice the following initial data are needed for practising the method of 
regulating the head box pressure and controlling the surface level of the gas 
separation tank according to the regulation system of the present invention. 
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- The surface level of the gas separation tank, the limit values thereof 
and the direction of change in the surface level. 

- The output i.e. capacity of the headbox feed pump 

5 - A neural network or some other indirect measuring method 

based on programmed calculating, i.e. a soft sensor, included in 
the regulation system determines the output of the pump e.g. from 
the performance chart of the pump on the basis of the rotational 
speed of the pump and the pressure difference 

10 - The output i.e. capacity of the mixing pump 

- A neural network or other "soft sensor" included in the regulation 
system determines the capacity utilizing said initial data 

- The head box pressure. 



15 The regulation system handles or utilizes the predetermined data as follows. 
When the regulation system senses the surface level of the gas separation 
tank, i.e. the output of the web formation apparatus, to change slowly, it checks 
whether it is necessary to change the operational mode of the mixing pump and 
if necessary guides the head box feed pump to compensate for the change of 

20 the inlet pressure, i.e. the output of the web formation apparatus, so that the 
feed pressure of the head box remains constant. E. g. when the surface level 
descends, the regulation system smoothly and slowly increases the rotational 
speed of the head box feed pump, whereby the decreasing inlet pressure 
caused by the decreasing surface level Is compensated for by the slowly in- 

25 creasing output of the head box feed pump, which output increases the head 
box pressure in the same proportion. If the velocity of the change in the sur- 
face level of the gas separation tank is slow enough, the regulation system 
does not consider it necessary to change the operational mode of the mixing 
pump and thus does not guide the mixing pump to increase the feed of the gas 

30 separation tank, as it is possible that the surface level may return to normal by 
itself. Only when the surface level approaches the limit value, the regulation 
system guides the mixing pump to respond to said change. That Is, the regula- 
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tion system according to the invention allows the surface level of the gas sepa- 
ration tank set freely inside certain maximum and minimum limits. 

In some cases it may also be considered necessary that the regulation system 
5 guides the mixing pump proactlvely so that the output of the mixing pump is 
changed proactively in relation to the change of the feed pump output. This is 
done in order to take into account the delay, which is caused by the pipeline 
between the mixing pump and the gas separation tank and the possible cen- 
trifugal cleaning plant. In that case, in an optimal situation, the result is that the 
10 surface of the head box does not change at ail when the slice flow i.e. the out- 
put of the web formation apparatus changes. 

Q 

4 If there is a need to change the feed of the mixing pump to return the level of 
r the gas separation tank to its set value i.e. approximately in the middle between 
^2 15 the limit values, the regulation system, depending on the direction of change in 
;^ the mixing pump feed, guides the feed pump either to decrease or increase the 
Ij feed to the head box. If the surface level in the gas separation tank e q at- 
tempts to decrease below its minimum limit, the regulation system guides the 
mixing pump to increase the feed to the gas separation tank. At the same time 
20 the regulation system is getting ready to decrease, after a certain delay, the 
output of the head box feed pump i.e. in practice the pressure effect of the feed 
pump on the head box. The reason for this is that the rising level of the gas 
separation tank increases the inlet pressure of the feed pump, which in itself 
already Increases the head box pressure. 

25 

By means of fuzzy logic applied to the surface level regulation of the gas sepa- 
ration tank the overflow may be omitted from the tank. According to Fig. 3, the 
surface level regulation may actually be practiced in three ways. The first 
method Is to guide the operational mode of the mixing pump, i.e. the change of 
30 the capacity, by means of fuzzy logic and the change in the surface level of the 
gas separation tank. A second way is to further improve the surface regulation 
by means of feedforward control, whereby it is possible to determine the flow 
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change from the performance chart of the pump by means of a neural network 
on the basis of the changed rotational speed and pressure difference of the 
head box feed pump. This data on the change in the flow from the gas separa- 
tion tank is transferred via a flow control loop or fuzzy logic directly to the mixing 
5 pump, the rotations of which are changed utilizing neural network calculating 
(the performance chart and the pressure difference data are needed in this) or 
by means of another "soft sensor". Naturally, other flows entering the gas sepa- 
ration tank have been taken into account. In practice the feedforward control is 
understood to mean that the capacity of the head box feed pump is determined 

10 by means of a neural network and said capacity is required from the mixing 
pump augmented with possible reject flows which are separated in the process 
prior to the feed pump. The starting point is, of course, that the portion or 
amount of said reject flows Is known. When various delays in various parts of 
the process are taken into account in this feedforward, the pump feeds and 

15 changes in them may be timed to start in such a way that in practice neither the 
surface of the gas separation tank nor the head box pressure changes from 
their set values (the set value may naturally change e.g. in a situation described 
in the example above). 

20 Thus, fuzzy logic is actually not needed to minimize the head box pressure 
fluctuations, but mostly to control the surface level of the gas separation tank. A 
neural network or another "soft sensor" assists fuzzy logic In the feedforward of 
said regulation. 

25 In a grade change situation, when the production of the machine is changed 
and the head box pressure may also change remarkably, the regulation system 
preferably changes the head box pressure stepwise. In that case the regulation 
system starts to change the output of both the mixing pump and the head box 
feed pump essentially simultaneously, naturally taking into account said delays. 

30 

It may even be thought that the operator of the production machine Informs the 
regulation system on the grammage of the desired final product, after which the 
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regulation system controls the rest of the grade change optimizing the stages 
needed in that procedure. In practice, the required slice opening and head box 
pressure for each possible grammage have been fed in the regulation system 
beforehand. When the regulation system sees how much the slice opening 
5 and/or head box pressure has to be changed, it operates according to preset 
programming, either performing in one single stage both the change of the slice 
opening and the change of the head box pressure or altematively changing one 
or both of these in two or more stages. The regulation system Itself functions as 
already presented above. 

10 

Further, the presence or non-presence of the centrifugal cleaning plant in the 
approach system presents one additional nuance for the operation of the regu- 
lation system. If the approach system Is devoid of a centrifugal cleaning plant, 
the regulation system operates as described above. If the approach system is 
Z 15 provided with a centrifugal cleaning plant, the regulation system has to be ca- 
„ pable of taking it into account in some way. Actually the only thing worth taking 
into account about an existing centrifugal cleaning plant is its reject flow. In 
other words, the centrifugal cleaning plant does not let all incoming material to 
pass Into the gas separation tank, but some of the material Is led away from the 
20 short circulation. There are several ways for taking the centrifugal cleaning 
plant into account One way is to always obtain from the centrifugal cleaning 
plant a constant reject flow despite the flow that enters the plant. In such a case 
it is easy for the regulation system to subtract from the mixing pump feed the 
portion that is passed to reject from the centrifugal cleaning plant and use the 
25 difference as the Initial value for subsequent measures. Another way Is to al- 
ways take a proportionally equal part of the flow to the reject flow. In this case 
the procedure is in fact the same as already stated except that the true flow 
amount passing to the gas separation tank is received by multiplying the mixing 
pump feed by the accept flow ratio of the centrifugal cleaning plant (e.g. 0.97). 
30 A third method is to separately determine the reject flow amount, whereby the 
amount of material going to the gas separation tank is calculated by subtracting 
the reject flow amount from the mixing pump feed. 
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Fig. 4 illustrates a solution according to a preferred embodiment of the inven- 
tion, wiierein white waters from the paper machine 124 are led to the white 
water tank 110, in the bottom part of which fiber suspension and various fillers 

5 are combined to forni paper pulp. From the white water tank 110, the paper 
pulp is conveyed by means of mixing pump 112 into the centrifugal cleaning 
plant 114 and from there further to the gas separation tank 116 and further by 
means of the head box feed pump 118 to the paper machine head box 122 as 
known from prior art. What is new in the embodiment of the figure is the sur- 

10 face level control of the gas separation tank 116, which is effected neither by 
means of prior art overflow nor by means of a system utilizing a float. As the 
purpose of regulating the surface level of the gas separation tank 116 is to en- 
sure that the pressure of the paper pulp in the paper machine head box re- 
mains as exactly constant as possible, the starting point for the surface level 
I 15 control according to the invention is that the level of the paper pulp is allowed to 
vary within certain limits in the gas separation tank 116 and the regulation of the 
pressure in the head box 122 is effected by controlling the operation of the 
pumps 112 and 118. A second new method is a new type of way to ensure a 
constant pressure in the head box. The pressure in the head box 122 is moni- 

20 tored by a pressure transducer 148, the pressure impulse from which is regis- 
tered and led to the control unit 150 of the regulation system, which control unit 
attempts to keep it constant. According to a preferred embodiment of the in- 
vention, it is effected primarily so that the feed pump 1 18 of the head box 122 is 
controlled on the basis of the impulse from said pressure transducer 148 by 

25 means of the control unit 150 of the regulation system. When the pressure im- 
pulse indicates a tendency of pressure decrease, the regulation system makes 
the head box feed pump 118 increase its feed, whereby the pressure in the 
head box 122 normalizes and the liquid level in the gas separation tank 116 de- 
scends. Accordingly, when the pressure increases, the control unit makes the 

30 head box feed pump 118 decrease its feed, whereby the pressure In the head 
box 122 is allowed to decrease and the level in the tank 116 rises. That is, the 
surface level in the gas separation tank 116 is allowed to vary to some extent. 
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Depending on the velocity of the change In the gas separation tank 116 surface 
level, It is also possible to increase or decrease the feed, i.e. in practice the ro- 
tational speed, of the mixing pump 112 feeding paper pulp to the gas separa- 
tion tank 116. in other words, if the surface level of the tank 116 changes very 
5 slowly, the central unit only monitors it. Naturally, to a certain limit. And if the 
surface level descends rapidly, the central unit makes the mixing pump 112 in- 
crease the feed, i.e. change its operational mode so as to compensate for the 
decrease of the gas separation tank 116 surface level. A corresponding regula- 
tion measure, i.e. a change of the operational mode of the mixing pump, but in 
10 an opposite direction, is naturally performed also when the surface level in the 
tank 116 rises. 

Naturally it is also possible to "teach" the regulation system, primarily the control 
unit, to more versatile operation, i.e. the speed of change of the pressure im- 

15 pulse from the pressure transducer 148 may be arranged to guide the feed of 
mixing pump 112, too, and preferably also the rate of change of the feeding 
speed. Naturally, if It is not desired to control the mixing pump 112 directly, it is 
possible to arrange a valve 154 in pipe line 152 between the mixing pump 112 
and the gas separation tank 116, the operation of which valve is controlled 

20 (shown In dash line) also by means of the control unit on the basis of impulses 
from the pressure transducer 148. 

Further, it is possible and in a certain situation also necessary to connect a 
vacuum system 126 of the gas separation tank 1 16 to the regulation system i.e. 

25 more exactly said to the control unit. This may be utilized e.g. when the stock 
level in the gas separation tank tends either to descend too low or rise too high. 
When the level descends too low, measured e.g. by means of a float device or 
some other corresponding arrangement, the control unit gives a command to 
increase the vacuum level of tank 116 and at the same time to increase the 

30 feed of the mixing pump 1 12, or alternatively the opening of valve 154, whereby 
the pressure transducer 148 controls that the inlet pressure of the feed pump 
118 of the head box 122 remains constant. As the surface level In the gas 
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separation tank approaches the optimum value, the vacuum level and the feed 
of the mixing pump 112, alternatively the opening of valve 154, is gradually de- 
creased under control of the pressure transducer 148, until the normal stage 
has been reached. Further, in a situation where an impulse from a transducer 

5 located on the head box 122 or the wire part of the production machine indi- 
cates a need to change the feed of the head box 122, it may be performed so 
that the control unit 150 interprets the incoming control Impulse so that it sends 
a command to first change the feed of the gas separation tank 116 accordingly 
(by means of the mixing pump 112 and/or the valve 154), whereafter it with a 

10 certain delay further sends a command to change the feed of the feed pump 
118 of the head box 122. The impulse resulting in this change of the feed of the 
head box feed pump may be received e.g. from pressure transducer 148. 

The pump 112 is preferably a propeller pump, because the feed pressure re- 
15 quired from said pump in this application is not very high. Accordingly, the vac- 
uum pump of the gas separation tank 116 is preferably one of the High Speed 
vacuum pumps produced by Ahlstrom Pumps Corporation, the level of vacuum 
of which may be regulated by changing the rotational speed of the pump. It is, 
of course, also possible to use the older water ring pumps, the vacuum level of 
20 which may be regulated by means of a valve. 

Whether the approach system in question is one provided with a centrifugal 
cleaning plant, or one in which the centrifugal cleaning is arranged in an earlier 
stage for each pulp fraction separately, or one without any centrifugal cleaning, 

25 it is characterized by the tendency to place the apparatuses at one and the 
same level, i.e. the machine level, if possible (if allowed by principles of phys- 
ics). It has to be noted, though, that the head box feed pump usually may not 
be located at the same level with the gas separation tank, as the underpressure 
in the gas separation tank is so high that even a minor suction from the direc- 

30 tion of the head box feed pump would generate cavitation resulting in the boil- 
ing of the water in the tank. For said reason, the head box feed pump has to be 
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taken somewhat lower than the gas separation tank, whereby cavitation and the 
resulting boiling may be avoided. 

As noticed from the above, a new type of paper machine approach system has 
5 been developed, which eliminates many prior art weaknesses and disadvan- 
tages and solves problems which have been hampering the use of prior art ap- 
proach systems. Nevertheless, it has to be noted from the above that the indi- 
vidual novelties presented above may be applied separately and not necessar- 
ily in the same connection as they have been presented above. Thus It is e.g. 
10 possible and wholly in accordance with the invention to totally omit the centrifu- 
gal cleaning plant from the embodiment of figure 4. 
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CLAIMS 

1 . Method of controlling the operation of the approach system of a paper 
machine, a paper board machine or the like web formation apparatus, in which 

5 method a stock is formed from white water, fiber suspension and fillers, said 
pulp is fed by means of a mixing pump into a gas separation tank, gas is sepa- 
rated from said pulp and the essentially gas-free pulp is fed into the head box of 
the production machine, whereby the feed of the head box feed pump is 
changed as the production of the web formation apparatus changes, charac- 

10 terized in that the change in the production of the web formation apparatus is 
arranged to initiate the regulation system of the approach system, which regu- 
lation system essentially simultaneously checks the need for changing the op- 
erational mode of the mixing pump, initiates the change of the operational 
mode of the mixing pump according to said need and both guides and regu- 

15 lates the head box feed pump. 

2. Method according to claim 1 , characterized in that the regulation system 
of the approach system is utilized to control both the head box pressure and the 
surface level of the gas separation tank. 

20 

3. Method according to claim 1 , characterized in that the operating point of 
the feed pump and the mixing pump are changed essentially simultaneously. 

4. Method according to claim 1 , characterized in that the operating point of 
25 the mixing pump is changed anticipatorily in relation to the changing of the op- 
erating point of the feed pump so that the surface level in the gas separation 
tank located between said pumps remains essentially constant or changes in a 
controlled manner. 

30 5. Method according to claim 1, characterized in that the change of the 
head box pressure Is readable from the change of the operating point of the 
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head box feed pump, whereby said change of the operating point of the feed 
pump initiates the control function of the regulation system. 

6. IVIethod according to claim 2, characterized in that the surface level of 
5 the gas separation tank is controlled by arranging the change of the head box 

pressure to initiate the control function of the regulation system. 

7. Method according to claim 6, characterized in that the regulation system 
guides simultaneously both the feed pump and the mixing pump so that the 

10 pressure in the head box remains constant and the surface level in the gas 
separation tank remains constant or changes in a controlled manner. 

8. Method according to claim 6, characterized in that the regulation system 
controls the mixing pump anticipatorily in relation to the feed pump so that the 

15 head box pressure and the surface level in the gas separation tank remain con- 
stant. 

9. Method according to claim 1, characterized in that by means of the 
regulation system at least the output of the head box feed pump is changed in 

20 order to keep the pressure in the head box of the production machine constant, 
the surface level variation in the gas separation tank is monitored simultane- 
ously and measures are taken if needed to correct the surface level of pulp in 
the gas separation tank. 

25 10. Method according to claim 1 or 2, characterized in that said surface level 
is allowed to change slowly in the gas separation tank temporarily without 
changing the feed of the gas separation tank. 

1 1 . Method according to claim 1 , characterized in that when the pressure of 
30 the head box changes slowly the change of the pressure is compensated only 
by changing the capacity of the head box feed pump, whereby the surface level 
of the gas separation tank is allowed to change accordingly. 
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12. Method according to claim 1, characterized in that when the pressure of 
the head box changes fast, the change of the pressure is compensated by 
changing essentially simultaneously both the capacity of the head box feed 

5 pump and the capacity of the mixing pump. 

13. Method according to claim 1, characterized in that in a grade change 
situation the capacity of both the mixing pump and the feed pump is changed 
stepwise. 

10 

14. Method according to claim, characterized in that said surface level regu- 
lation is controlled by means of fuzzy logic. 
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the Patent and Trademark Office connected therewith and with the rssultins patent: Lanv S. Nixon. 25640; Arthur R. Crawford^ 25327 , ..ames T. 
■%HbsmGr 30184; RobenW Fans, 31352; Richard G Besha, 22770; Mark E, Nusaaum, 32348LMicha9l J. Keenan,,321!2&, Bryan H. DavidsonJJQ251; 
rSbnIey '(TsSSSner 27393; Leonal^TTWitchard, 29009: OiSHiTTByers, 33363: J affry H. Nelson, 30481: John R. U3tova^J3249: H. Warren Bumam. 
' j? . 29366 - Mary J. Willoa2§55; J. Scott Davidsqnl^a?; Alsn M. Kagen. 35178; Robert A. Molan, 29834; B. J. SadotT, seSSa^James D. Berquist. 
3477iJUpdeep S. Gill. 37334lMichaal J. Shea, 34Z2§^Donald L Jackson. 4ja2fl^,Michell6 N. Lester, ^3^1; Frank P. Pr^te7l9&28; Joseph Presta. 
35329'~Joseph A Rhoa 37515; Raymond Y. Mah, 4 U26: C hris Comuntzis. 31QSZL5afy T. Tanigawa. 431fl!L I also authonze Nixon & Vanderhye to 
delete any attorney ngmesMimberB no longer with the firm and to act and re.y solely on instrudtons directly communicated from the person assignee, 
attorney, fimi. or other organzetion sending instnjctions to Nixon & Vanderhye on behalf of the owner(s). 



1^ 



Inventor's Signature' 
Inventor: 

Residence; (city) 
Mailing Address; 

(Zip Code) 




"^^.^^g^^^'^^^^-'-r^ Date- 

^>~yABJLA Finland 



itie 5. FlN-57600. Savonlinna. Finland FJ-A.- 



(last) 

(state/country) Finland 



Finland 
(citizenship) 



Inventor's Signature: ^ , 

Inventor: 

(first) Ml (last) 

Residence: (dty) , (state/country) 

Mailing Address: . 

(Zip Code) 



